£19799641 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICATION FOR LETTERS PATENT 



* * * * * 



Computer Including Installable and Removable 
Cards, Optical Interconnection Between Cards, 
and Method of Assembling a Computer 



***** 



INVENTORS 

Warren M. Farnworth 
Alan G. Wood 



ATTORNEY'S DOCKET NO. MI22-2488 



Computer Including Installable and Removable Cards, Optical 
Interconnection Between Cards, and Method of Assembling a Computer 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This is a continuation of U.S. Patent Application Serial No. 
10/211,924, which was filed on August 1, 2002, which in turn is a 
continuation of U.S. Patent Application Serial No. 09/098,050, filed June 16, 
1998, which is now U.S. Patent No. 6,453,377, both of which are 
incorporated by reference herein. 

TECHNICAL FIELD 

[0002] The invention relates to memory systems. The invention also 
relates to fiber optic systems. 

BACKGROUND OF THE INVENTION 

[0003] Processor speeds of computers continue to increase. Devices 
with which the processor communicates often do not operate at such high 
speeds. For example, static random access memories (SRAMs) often 
operate at almost as high a speed as the processor, but dynamic random 
access memories (DRAMs) operate at a slower speed. Dynamic random 
access memories possess advantages to static random access memories. 
For example, static random access memories require more space than 
dynamic random access memories. 
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[0004] Rambus Inc. of Mountain View, California has technology that 
allows DRAMs and controllers or processors to transfer data at a high 
frequency, such as 600 megabytes per second and above over a Rambus 
Channel, a narrow byte-wide data bus. Attention is directed to the 
following patents assigned to Rambus Inc., which are incorporated herein 
by reference: 5,680,361 to Ware et al.; 5,663,661 to Dillon et al.; 
5,537,573 to Ware et al.; 5,499,385 to Farmwald et al.; 5,499,355 to 
Krishnamohan et al.; 5,485,490 to Leung et al.; 5,446,696 to Ware et al.; 
5,432,823 to Gasbarro et al.; 5,430,676 to Ware et al.; 5,390,308 to Ware 
et al.; 5,355,391 to Horowitz et al. 

[0005] An alternative to Rambus has been developed by memory chip 
makers. The synchronous link DRAM (SLDRAM) is an alternative to 
double-data-rate (DDR) and Direct Rambus DRAM. 

[0006] The SLDRAM is known in the art. The SLDRAM, formerly 
known as SynchLink, is designed for computer main memory in mobile, 
desktop, workstation, and server systems. It is designed to reduce a 
speed bottleneck in accessing memory from a processor. The SLDRAM 
project attempts to solve a memory system problem that will become more 
acute in newer systems. DRAM memory chips do not have enough 
bandwidth for getting the data on or off the memory chips. To solve this 
problem, manufacturers have been using many chips in a wide array to get 
the speed up to what their system needs. However, new DRAM chips will 
have increasingly higher capacities, so that there will be so much DRAM 
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capacity in the wide array of chips needed for getting the speed, that the 
price of the DRAM capacity raises the price of the computer. For lower 
price or entry-level computers and workstations, this price may be 
excessive. Unnecessarily large memory would exist in base configurations. 
Although new software uses more memory, that memory usage is not 
growing as fast as DRAM density, and this mismatch may result in overly 
expensive computers. 

[0007] SLDRAM addresses this problem by using a new architecture 
for communicating with the DRAMs, with two highly optimized buses. This 
allows' increasing the DRAM bandwidth significantly. SLDRAM adds 
pipelined transfer protocol for increased advantage of bandwidth. Attention 
is directed to the SLDRAM White Paper of 29 August 1997, which 
describes SLDRAM in greater detail. 

[0008] SLDRAMs are synchronously linked to processors. To provide 
high speed access to the memories, as processor speed increases, lengths 
of circuit traces should decrease. 

[0009] It is known to use optical waveguides as interconnects from 
integrated circuit to integrated circuit. See, for example, U.S. Patent No. 
5,119,451, which is incorporated herein by reference. Various R&D efforts 
have taken place in an attempt to develop optical interconnect technology 
for short-haul data communications applications such as for communications 
between boards, backplanes, and intra-boxes. See, for example, "Lighting 
the Way in Computer Design," IEEE Circuits & Devices, January 1998. 
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SUMMARY OF THE INVENTION 

[0010] The invention provides a computer. The computer includes a 
housing, and a circuit board supported in the housing. A plurality of slot 
connectors are supported on the circuit board. A first card is configured 
for sliding receipt in one of the slot connectors. A processor is mounted 
on the first card. A second card is configured for sliding receipt in one 
of the slot connectors. A memory is mounted on the second card. An 
optical interconnect couples the first card to the second card. The 
processor is configured to communicate with the memory via the optical 
interconnect. 

[0011] In one aspect of the invention, the optical interconnect 
comprises a fiber optic cable. 

[0012] In another aspect of the invention, the optical interconnect 
comprises an optical connector on the first card configured to convert 
between electrical signals and optical signals, and the computer further 
includes circuit traces on the first card coupling the optical connector to the 
processor. 

[0013] In another aspect of the invention, the optical interconnect 
comprises an optical connector on the second card configured to convert 
between electrical signals and optical signals, and the computer further 
includes circuit traces on the second card coupling the optical connector 
to the memory. 
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[0014] In another aspect of the invention, the memory comprises a 
DRAM. In another aspect of the invention, the memory comprises a 
synchronous link type DRAM. 

[0015] Another aspect of the invention provides a memory unit 
configured to be slidably received in a slot connector on a circuit board. 
The memory unit comprises a card having a connector configured to mate 
with the slot connector. A synchronous link DRAM memory is supported 
by the card. Circuit traces on the card extend from the connector of the 
card toward the memory. The circuit traces are configured to couple the 
memory to a power supply via the slot connector. An optical interface is 
supported by the card and coupled to the memory. The optical interface 
is configured to convert electrical signal to optical signals, for optical data 
transmission to and from the memory. 

[0016] Another aspect of the invention provides a method of 
assembling a computer. The method comprises supporting a circuit board 
in a housing. A plurality of slot connectors are supported on the circuit 
board. A processor is mounted on a first card. The first card is inserted 
into a first one of the slot connectors. A memory is mounted on a 
second card. The second card is inserted into a second one of the slot 
connectors. The first card is optically connected to the second card for 
optical communications between the processor and the memory. 

By reducing the circuit trace path on a memory card, communication 
speed is increased. Inexpensive circuit cards can be used instead of 
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Teflon substrate or low dielectric cards. Memory integrated circuits can be 
mounted on cards prior to burn-in because the circuit cards are 
inexpensive. This is less expensive than burning-in memory integrated 
circuits before they are mounted on circuit cards. Unsophisticated users 
can add memory and integrated circuits easily. They can insert a SIMM 
module or card, attach one end of the fiber optic cable to an optical 
interconnect on the SIMM module, and attach the other end of the fiber 
optic cable to the optical interface on the processor card, and the 
installation is complete. Electromagnetic interference caused by power 
supply transformers or disk drives is less of a concern because the optical 
communications are immune to such interference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Preferred embodiments of the invention are described below with 
reference to the following accompanying drawings. 

[0018] Fig. 1 is a perspective view of a computer embodying the 
invention. 

[0019] Fig. 2 is a perspective view of a computer, illustrating removal 
of a card bearing a processor. 

[0020] Fig. 3 is a perspective view of a computer, illustrating insertion 
of a card bearing a processor. 
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[0021] Fig. 4 is a perspective view of a computer, illustrating a card 
bearing a processor in accordance with an alternative embodiment of the 
invention. 

[0022] Fig. 5 is a perspective view of a computer in accordance with 
an alternative embodiment of the invention. 

[0023] Fig. 6 is a perspective view of a computer in accordance with 
another alternative embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0024] This disclosure of the invention is submitted in furtherance of 
the constitutional purposes of the U.S. Patent Laws "to promote the 
progress of science and useful arts" (Article 1, Section 8). 
[0025] Fig. 1 illustrates a computer 10 embodying the invention. The 
computer comprises a housing 12, and a circuit board 14 supported in the 
housing 12. The computer 10 further includes a plurality of slot connectors 
16, 18, 20, 22 supported on the circuit board, and a first card 24 
configured for sliding receipt in one of the slot connectors (e.g., the slot 
connector 16). 

[0026] The first card 24 has an edge connector 26 configured for 
sliding receipt in the slot connector 16. The computer 10 further includes 
a processor 28 mounted on the first card 24. 

[0027] The computer 10 further includes a second card 30 configured 
for sliding receipt in one of the slot connectors (e.g., the slot connector 
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18). The second card 30 has an edge connector 32 configured for sliding 
receipt in the slot connector 18. 

[0028] Because the processor 28 is mounted on a removable card, it 
can be more easily upgraded. Instead of having to insert a processor 28 
in a socket after aligning pins, the card 24 can be removed (Fig. 2) and 
replaced (Fig. 3) with a new card 34 bearing a new processor 36. Thus, 
in one embodiment (Figs. 1-3), the processor 28 is surface mounted on the 
card 24. However, in an alternative embodiment (Fig. 4), the second card 
30 includes a zero insertion force (ZIF) connector or socket 38 or other 
socket, and the processor 28 is removable received in the socket 38. 
[0029] The computer 10 further includes a memory 40 mounted on the 
second card 30 (Fig. 2). In the illustrated embodiment, the memory 40 
comprises a DRAM. In a more particular embodiment, the memory 40 
comprises a synchronous link type DRAM. In the illustrated embodiment, 
the memory 40 is defined by one or more integrated circuits. In one 
embodiment, the computer 10 further comprises additional integrated circuits 
42 supported by the second card 30. These can be additional memory 
integrated circuits, for example. 

[0030] The computer 10 further includes an optical interconnect 44 
coupling the first card 24 to the second card 30. The processor 28 is 
configured to communicate with the memory 40 via the optical interconnect 
44. The optical interconnect 44 thus couples the processor 28 to the 
memory 40 for data communications. In the illustrated embodiment, the 
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computer 10 includes a 32 bit communications bus and the optical 
interconnect has capacity for a multiple of the bus width plus control 
signals indicating whether data is to be sent or transmission is complete. 
[0031] The optical interconnect 44 comprises a fiber optic cable (or set 
of fiber optic cables) 46 having opposite ends 52 and 54. The optical 
interconnect 44 further comprises an optical connector on the first card 24 
configured to convert between electrical signals and optical signals, and an 
optical connector on the second card 30 configured to convert between 
electrical signals and optical signals. Any suitable optical connectors can 
be employed, such as those described in the articles listed above in the 
Background of the Invention. For example, in one embodiment, the optical 
connectors and include a VCSEL optical transmitter array 48 and a VCSEL 
optical receiver array 50 on each card 24 and 30. The optical connectors 
48 and 50 on the first and second cards 24 and 30 removably receive 
ends 52 and 54 of the fiber optic cable (or set of fiber optic cables) 46 
directly or via a connector 94. In one embodiment, the ends of the 
cables from the cards 30 and 66 have separate connectors that respectively 
connect to the connector 50. In one embodiment, the cable 46 is a 
Polyguide™ waveguide available from E.I. du Pont de Nemours & Co., Inc., 
or a waveguide developed under the POINT program. In the illustrated 
embodiment, the optical connectors 48 and 50 connect or mate to an end 
52 or 54 of a fiber optic cable 46 by hand, without need for a tool. 
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[0032] In one embodiment, shown in Fig. 5, only a single fiber optic 
cable or set 90 of fiber optic cables extends from the card 30. The 
single set is used for both transmission and reception of data. The set 
has a number of cables for reception that is equal to or a multiple of the 
bus width of the computer. The set also has a number of cables for 
transmission that is equal to or a multiple of the bus width of the 
computer. The set also has cables for control signals used to indicate 
data is about to be sent or that data transmission is complete. In the 
illustrated embodiment, the bus width is 32 bits. 

[0033] Similarly, in the embodiment of Fig. 5, only a single fiber optic 
cable or set 92 extends from the card 66. 

[0034] The computer 10 further includes circuit traces 56 on the first 
card 24 coupling the optical connector 48 to the processor 28 (Fig. 2). 
The computer 10 further includes circuit traces 58 on the second card 30 
coupling the optical connector 50 to the memory 40 (and memories 42). 
The computer 10 further including multiple respective circuit traces 59 
coupling the integrated circuits 40 and 42 supported by the second card 
30 to the edge connector 32 of the second card 30. Because the edge 
connector 32 is not used for data communication, additional traces at the 
edge connector can be used for power. More particularly, respective 
integrated circuits 40, 42 can have their own traces extending directly to 
the edge connector 32 instead of being coupled together on the second 
card 30. 
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[0035] The computer 10 further includes a power supply 60 in the 
housing 12 (Fig. 1), and conductors coupling the power supply 60 to the 
processor 28 via the slot connector. The conductors include circuit traces 
62 on the first card 24 extending from the edge connector 26 of the first 
card to the processor 28. Additional circuit traces (not shown) can be 
used to supply power to the optical connectors. The computer 10 further 
includes conductors coupling the power supply 60 to the memory 40 via 
the slot connector 18. The conductors include the circuit traces 59 
extending from the edge connector 32 of the second card 30 to the 
memory 40. 

[0036] The slot connectors 16, 18, 20, and 22 and edge connectors 
26 and 32 are used for supplying power to the processor 28 and memory 
40 and perhaps for control functions, but not for data communication 
between the processor 28 and the memory 40. 

[0037] In one embodiment, the computer 10 further includes a third 
card 66 having an edge connector 68 configured for sliding receipt in the 
slot connector 22. The computer 10 further includes a co-processor 70 
supported by the third card 66, and an optical interconnect 72 coupling the 
co-processor 70 to the processor 28. The computer 10 further includes 
conductors coupling the power supply to the co-processor via the slot 
connector 20. The conductors include circuit traces 74 on the third card 
66 extending from the edge connector 68 of the third card 66 to the 
co-processor 70. In the illustrated embodiment, the co-processor 70 is a 
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math co-processor. In one embodiment, the third card 66 supports a 
Motherboard Control and Interface Chipset such as a Trident™ chipset. 
[0038] The computer 10 further includes an electronic device in the 
housing capable of generating electromagnetic interference. For example, 
the power supply 60 includes a transformer capable of generating 
electromagnetic interference. The computer 10 further includes a floppy 
disk drive 76, a hard drive 78, and a CD-ROM drive 80 coupled to the 
board 14. The optical interconnect 44 shields communications between the 
processor 28 and the memory 40 from the electromagnetic interference. 
The computer 10 can further include any component typically found in 
computers. 

[0039] A monitor 82 and input/output devices (printer, keyboard, mouse) 
84 can be removably coupled to the computer 10 in a conventional fashion 
(e.g., via parallel and serial ports included in the computer). 
[0040] Another alternative embodiment is shown in Fig. 6. The 
embodiment of Fig. 6 is similar to the embodiment of Fig. 4, like reference 
numerals indicating like components, except that the processor 28 is 
mounted to the main circuit board (motherboard) 14 instead of being 
mounted on a removable card. In the illustrated embodiment, the 
processor is mounted on the motherboard 14 via a ZIF socket 38. In an 
alternative embodiment, the processor 28 is hard wired onto the 
motherboard 14. In these embodiments, co-processors and similar chipset 
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may also be mounted on the motherboard 14 instead of being mounted on 
a removable card. 

[0041] A computer such as the computer 10 can be assembled as 
follows. The circuit board 14 is supported in the housing 12. The 
plurality of slot connectors 16, 18, 20, and 22 are supported on the circuit 
board (either before or after the circuit board 14 is supported in the 
housing 12). The processor 28 is mounted on the first card 24. The first 
card 24 is mounted into the slot connector 16. The memory 40 is 
mounted on the second card 30. The second card 30 is inserted into the 
slot connector 18. The first card 24 is optically coupled to the second 
card 30 for optical communications between the processor 28 and the 
memory 40. 

[0042] By reducing the circuit trace path on a memory card, 
communication speed is increased. Inexpensive circuit cards can be used 
instead of Teflon substrate or low dielectric cards. Memory integrated 
circuits can be mounted on cards prior to burn-in because the circuit cards 
are inexpensive. This is less expensive than burning-in memory integrated 
circuits before they are mounted on circuit cards. Unsophisticated users 
can add memory and integrated circuits easily. They can insert a memory 
module or card, attach one end of the fiber optic cable to an optical 
interconnect on the memory card, and attach the other end of the fiber 
optic cable to the optical interface on the processor card, and the 
installation is complete. Electromagnetic interference caused by power 
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supply transformers or disk drives is less of a concern because the optical 
communications are immune to such interference. 

[0043] In compliance with the statute, the invention has been described 
in language more or less specific as to structural and methodical features. 
It is to be understood, however, that the invention is not limited to the 
specific features shown and described, since the means herein disclosed 
comprise preferred forms of putting the invention into effect. The invention 
is, therefore, claimed in any of its forms or modifications within the proper 
scope of the appended claims appropriately interpreted in accordance with 
the doctrine of equivalents. - 
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